Evaluation of separate quantitative radiographic features adds to the prediction of incident radiographic osteoarthritis in individuals with recent onset of knee pain: five-year follow-up in the check cohort  by Kinds, M.B. et al.
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296S216J. Favre 1, J.C. Erhart-Hledik 1,2, K. Blazek 1,2, T.P. Andriacchi 1,2. 1 Stanford
Univ., Stanford, CA, USA; 2VA Bone and Joint Ctr., Palo Alto, CA, USA
Purpose: Improving the sensitivity of magnetic resonance imaging for
analyzing changes of cartilage morphology in patients with knee osteo-
arthritis (OA) would greatly enhance the understanding of OA etiology and
the evaluation of new treatments. Volume and mean thickness are
frequently used; however these metrics require long time intervals before
changes are detectable. Recent studies have shown that the distribution of
cartilage thickness was consistent among healthy knees and suggest that
assessing thickness distribution might enhance the sensitivity for detect-
ing morphological changes.
The objective of this study was to determine if measures of thickness
distribution can enhance the sensitivity to detect differences in cartilage
morphology between healthy knees and knees with various degrees of OA
by testing the hypothesis that the divergence from healthy would be more
sensitive to OA severity with assessments based on thickness distribution
than with assessments based on mean thickness.
Methods: One group of 12 healthy knees and four groups of 12 OA knees
with Kellgren/Lawrence (K/L) grades of 1, 2, 3, and 4 were studied
(29 male; 5514 yrs; 1.70.1 m; 7816 kg). After providing IRB-approved
informed consent, each knee was scanned using a sagittal 3D-SPGR
sequence at 1.5 T, and a 3D model of the femoral cartilage was built. The
cartilage thickness mapwas calculated for the bone-cartilage layer, and the
thickest cartilage point in a predeﬁned region in the anterior medial
condyle was located using a weighted average (Fig. 1). Then, for each knee,
four parameters were calculated: (a) the mean thickness of the medial
condyle, (b) the mean thickness in the vicinity of the thickest point, and
the (c) anterior-posterior and (d) medial-lateral thickness patterns around
the thickest point (Fig. 1). To estimate the divergence, for each knee, these
parameters were compared with average parameters obtained during
a previous study including 90 healthy knees; the absolute differences were
calculated for the mean thicknesses, and the RMS differences were
calculated for the patterns. Finally, the divergences obtained with the
healthy group were considered normal divergences, and Wilcoxon rank
sum tests were used to determine if the divergences obtained with the OA
groups were different than these normal divergences.ĂResults:While all parameters showed an increase of the divergence with
OA severity, the sensitivity was strongest when using the medial-lateral
thickness pattern (Fig. 2d) as this measure reported signiﬁcantly higher
divergences than normal for the K/L 2, 3, and 4 groups. The anterior-
posterior pattern indicated higher divergences for the K/L 2 and 4 groups,
and with the mean thicknesses only the divergence for the K/L 4 group
over the entire condyle was signiﬁcantly different than normal.
ĂConclusions: This study demonstrated that thickness patterns are more
sensitive to alteration of cartilage than mean thicknesses alone. An
explanation for this might be that the swelling and thinning occurring
with OA compensate themselves in term of mean thickness, but both
contribute to modify the distribution of cartilage thickness. This study also
showed that the consistent healthy patterns of thickness distribution on
the medial femoral cartilage are altered with OA severity as early as KL 2.
While this cross-sectional study should be interpreted with consideration
of the small cohort, the results indicate that the distribution of medial
femoral cartilage thickness is altered with OA and suggest that the sensi-
tivity to detect early OA changes or changes over small time intervals can
be enhanced by assessing the thickness distribution which is affected by
both swelling and thinning.
429
EVALUATION OF SEPARATE QUANTITATIVE RADIOGRAPHIC FEATURES
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Purpose: To evaluate whether and which separate features of radiographic
damage, measured quantitatively in knees with early symptoms related to
osteoarthritis (OA), are associated with the incidence of radiographic OA
and the persistence and/or progression of clinical OA during ﬁve-year
follow-up. When early radiographic features can predict ‘poor’ outcome,
this might enable identiﬁcation of OA earlier in the disease.
Methods: From the Cohort Hip & Cohort Knee (CHECK), studying early OA,
participants with knee pain at baseline (T0) were evaluated (n¼829
participants). Radiographic OA incidence was deﬁned on joint level (both
knees separately) as Kellgren & Lawrence (K&L) gradeII at ﬁve-year
follow-up (T5y). For analyses of predictors for ‘poor’ radiographic outcome,
knees with K&L<II at T0 were selected (n¼985 knees). Clinical OA was
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pain and function score (participant level) during ﬁve-year follow-up.
Persistent pain outcome was deﬁned as knee pain during examination of
joint motion at four-year and ﬁve-year follow-up (T4y and T5y). For these
predictive analyses participants with at least a painful knee were included
(n¼1060 knees). Progression of WOMAC (Western Ontario & McMaster
Universities index) pain and function scores from ‘baseline’ (mean of T0
and one-year follow-up (T1y)) to ‘follow-up’ (mean of T4y and T5y) was
classiﬁed using a quintile approach described by Sharma et al. For
predictive analyses of ‘poor’ WOMAC pain and function outcome, partici-
pants with only painful knees were included (n¼286 and n¼279 respec-
tively; painful hip or hip K&LII excluded). At T0 radiographic
characteristics were determined by Knee Images Digital Analysis (KIDA),
providing quantitative measurements of joint space width (JSW:
minimum, medial, and lateral), varus angle, osteophyte area (mean of tibia
and femur), eminence height, and subchondral bone density (mean of tibia
and femur). Radiographic damage was also evaluated by K&L grading.
Logistic regression analyses were performed to evaluate which radio-
graphic characteristics, in addition to basic demographic and clinical
characteristics, at T0 were predictive of ‘poor’ (radiographic or clinical) OA
outcome.
Results: In this early OA cohort 19% had ‘poor’ radiographic outcome, and
48%, 54%, and 56% had ‘poor’ clinical outcome (persistent pain, WOMAC
pain, and WOMAC function) at T5y. The prediction at baseline of ‘poor’
radiographic outcome ﬁve years later improved signiﬁcantly by measuring
osteophyte area (odds ratio (OR) ¼7.0) and minimum JSW (OR¼0.7) at T0,
in addition to demographic and clinical characteristics (area under curve
(AUC)¼0.74 vs. 0.64 without radiographic features). Evaluating separate
quantitative features performed slightly better than K&L grading
(AUC¼0.70). By calculating a predictive score of the KIDA model (based on
multivariate regression coefﬁcients) and by determining a cut-off for
optimal speciﬁcity, individuals could be selected with a chance of incident
radiographic OA of 54% instead of the prior probability of 19%. Radio-
graphic characteristics hardly added to prediction of ‘poor’ clinical OA
outcome.
Conclusions: In individuals with onset knee pain, separate quantitative
radiographic features added to the prediction of radiographic OA incidence
ﬁve years later. Although the prediction models can not be used for indi-
vidual decision making (yet), quantitative measurement of radiographic
features in individuals suspected for OA might be valuable in identifying
individuals at high risk of developing radiographic osteoarthritis, which is
worthwhile when designing clinical trials.
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Background: Synovitis is a well recognised ﬁnding in Knee Osteoarthritis.
It can be identiﬁed on Magnetic Resonance Imaging (MRI) as synovial
thickening, although injection of contrast material is required to distin-
guish synovial tissue from synovial ﬂuid. The aim of this analysis was to
determine, using a novel method which separates ﬂuid from tissue,
whether synovial tissue volume as assessed using gadolinium (Gd)
enhanced MRI imaging is sensitive to the effect of intra-articular steroid
therapy.
Methods:Men and women aged 40 years and older with painful knee OA,
and who met ACR criteria for the disease, were recruited for participation
in an ongoing open label clinical trial of intra-articular steroid therapy.
Subjects who took part in the study had signiﬁcant knee pain and grade 2
or higher knee OA. They had a baseline Gd enhanced MRI immediately
prior to having an intra-articular steroid injection with a repeat Gd-
enhanced MRI scan at follow up usually within a 2 week period. To assess
synovial tissue volume, sagittal (T1W Fat Suppressed images: TR 500ms,
TE 17ms; FoV 15.9 x 15.9cm; slice thickness 3mm) scans were obtained.
Manual segmentation of the synovial tissue layer was performed on the
post contrast knee image by a single observer. Using computer image
analysis we excluded cartilage within the segmented space, bythresholding in the associated sagittal (3DWATSc: TR 20ms, TE 7.7ms, FoV
15cm, 288x288) scan. The rest of the segmented space is assumed to be
a mixture of ﬂuid and synovial tissue. We calculated the proportion of
synovial tissue in every voxel using P¼ (I - mf) / (ms -mf) truncated to [0,1],
where I is the voxel intensity and mf, ms are the means of the intensity
distributions of ﬂuid and synovial tissue volume respectively. Test-retest
reliability for assessment of synovial tissue volume was performed by
a single observer segmenting 5 MRI images (5 knees) randomly selected
from the two scanning visits. Reliability was excellent (ICC ¼ 0.96; 95% CI
0.88 to 1.03). The Bland-Altman 95% limits of agreement assuming a zero-
difference mean (no change in volume) were -663mm3 to +663mm3.
Results: We analysed data from an unselected series of 17 participants.
Their median age was 64.0 years (IQR 56.0 years to 75.0 years), and 9 were
female (52.9%). The median time between baseline and follow up scanwas
9 days (IQR 7 to 11 days; range 7 to 15 days) . The mean synovial tissue
volume at baseline was 9,002mm3 (SD 5,151mm3), and at follow up was
5,819mm3 (SD 2,886mm3) ; mean difference -3,183mm3 (95% CI
-5,273mm3 to -1,093mm3). Most subjects (15 individuals, 88.2%) had
a reduction in synovial tissue volume. 13 (76.5%) subjects had a change in
synovial tissue volume greater than Bland Altman measurement error
limits; two with higher, and 11 with lower volume than at baseline.
Conclusion: Synovial tissue volume in knee osteoarthritis, assessed with
Gd-enhanced MRI using a novel method that permits separation of tissue
from ﬂuid, changes in response to intra-articular steroid injection.
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Purpose:Previous research has demonstrated that bone marrow lesions
(BMLs), common magnetic resonance (MR) imaging ﬁndings in osteoar-
thritis (OA), are related to cartilage integrity. Only one study has longitu-
dinally evaluated quantitative 3-dimensional assessments of BML size and
quantitative cartilage morphometry but it did not detect a relationship
between changes in BML size and cartilage morphometry. That study,
however, was a secondary analysis of a clinical trial and used an approx-
imate measure of BML size. The purpose of this study was to assess the
relationship between quantitative 3-dimensional assessments of BML
volume and quantitative cartilage morphometry in a cohort from the
Osteoarthritis Initiative (OAI).
Methods: Knees were selected from the OAI among 732 knees with
cartilage segmentation results at baseline and the 24-month visit (data
sets: kmri_qcart_eckstein00 [version 0.4], kmri_qcart_eckstein03 [version
3.3]). Only knees with cartilage denudation (dAB) on the tibia and femur in
the index compartment (deﬁned as the tibiofemoral compartment with
greater dAB) were selected (n ¼ 196). Denuded area was assessed on the
medial tibia, lateral tibia, central medial femur, and central lateral femur.
The ﬁnal set of 40 knees was selected to include 20 knees with a lateral
tibiofemoral index compartment and 20 knees with a medial tibiofemoral
index compartment. Among the 20 knees with medial or lateral index
compartments, knees were selected that had the least change in femur
dAB (n ¼ 5), greatest change in femur dAB (n ¼ 5), the least change in tibia
dAB (n ¼ 5), and greatest change in tibia dAB (n ¼ 5). These selection
criteria were intended to provide a diverse range of dAB change. BML
volume was determined on sagittal intermediate-weighted, turbo spin
echo, fat-suppressed MR images by one rater using a semi-automated
segmentation method (ICC [3,1 model] ¼ 0.79 to >0.99). Change over 2
years was calculated as follow-up minus baseline. Pearson correlation
coefﬁcients were performed to assess the relationship between 2-year
BML volume change and 2-year cartilage morphometry change (cartilage
thickness and dAB). Potential outliers were explored based on a 95%
prediction ellipse. All analyses were limited to the index compartment.
Results:Only 38 knees were evaluated because one knee had poor image
quality and another was classiﬁed as having collapse post avascular
necrosis in the index femur. The cohort was 25 (66%) females, 36 (95%)
